been introduced as a dietary supplement for human use. The lipid and fatty acid compositions in DHA-enriched Chlorella, the effects on serum lipids in rats fed a cholesterol-supplemented diet, and the effects on serum lipid levels in human subjects were reported previously (13, 18, 19) .
In the present study, the incorporation of DHA into triacylglycerols (TAG) and polar lipids (PL) in Chlorella was examined. Moreover, the time course of the incorporation of DHA and the effect of pH on the lipid compositions of DHA-enriched Chlorella were shown. The results of the present study should assist in the production of fishery feed and dietary supplements using DHA-enriched Chlorella.
Experimental 1 Chlorella Strains and Its Cultivation
Chlorella vulgaris strain K22 (C. vulgaris K22) was used in this study. It was isolated from a pond in Saga prefecture. C. vulgaris strain K22 was grown at 28 in a medium composed of 2% glucose, 0.15% urea, 0.15% KH 2 PO 4 0.06% MgSO 4 , 5 mg/L of EDTA-NaFe, and 2 mL/L of an A 5 mineral solution for 72h in the dark in a 2L jar-fermentor. After the 72 h cultivation, 0.5% of DHA was added into the culture, and the cultivation was continued for an additional 24 h (17) .
For the evaluation of the effects of the pH on the DHA incorporation into the cellular lipids, the pH of the culture was kept at 7.0 0.1 by the addition of 2M aqueous ammonia or hydrochloride acid and by using a pH controller for 72h of the cultivation. After DHA was supplemented into the culture, the pH of the culture was then varied to different values in the range of 3 8 by the addition of 2M KOH or 1M sulfuric acid, and the cultures were continued for another 24h, keeping the specified value of pH. Cells were harvested by centrifugation (1,500 g. 10min.), and kept at 20 .
Preparation of DHA
DHA ethyl ester was provided by Bizen Chemical Co. Ltd. and contained 98% of DHA in the total fatty acids. DHA in free form was prepared by hydrolyzing the ethyl ester with NaOH. The DHA was supplemented into the culture of Chlorella with 2% of Tween80 as an emulsifier.
3 Analysis
Total lipids (TL) were extracted by the Sano's method and weighed (20) . PL in the TL were separated by using a silica cartridge, 25mm 10mm I. D., (SepPack, Waters Co. Ltd.) following weighing (21) . Each neutral lipids (NL) class was separated and measured by the TLC-FID method (22) . Fatty acid composition was examined by gas liquid chromatography after methanolysis (23).
Results
Before the culture was supplemented with DHA, Chlorella contained 8.6% of TL in the cells. The TL content of the cells rapidly increased to 44.6% at 7.5 hours after the supplementation with DHA. The contents of NL were increased synchronously after the supplementation. On the other hand, the PL contents were not changed during the cultivation (Fig. 1) . These results showed that exogenous DHA was taken up by the cells, and accumulated as NL in the cells.
The TL, NL, and PL of the cells did not contain DHA before the introduction of DHA into the culture. However, the levels of DHA in the total fatty acids of TL and NL were greatly increased for several hours 
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after the DHA-supplementation. Finally, the DHA content of TL and NL were 67.0 and 69.6%, respectively. Moreover, some DHA was incorporated into the PL. The DHA content in the total fatty acids of PL gradually increased to 27.5% 9 hours after the DHA supplementation (Fig. 2) .
Since exogenous DHA was supplemented as a free fatty acid, the level of free acid was found to have increased in the NL of the cells. The content of free acid in the cells reached at 13.0% 3 hours after the DHA supplementation. Subsequently, levels of cellular free fatty acid decreased gradually until it remained in only trace amounts. On the other hand, the content of TAG in the cells increased gradually (Fig. 3) . The major component of the NL was TAG. And small amounts of sterols were found in NL. The percentage of DHA in the total fatty acids of TAG reached at 72.1%. It was suggested that exogenous DHA was taken up by the cells as free fatty acid, and converted to TAG within the cells.
In the range of pH 3 and 8, the effect of pH on the uptake of DHA into the cells was unclear. Altering pH after supplementation with DHA did not result in a clear tendency in the TL contents in the cells. However, lipid class compositions were greatly changed depending on the pH of the culture during incorporation of DHA into each lipid molecule. At pH 5 to 7, TAG were a major lipid class of the TL, and small amounts of free fatty acids were detected in the cells. In contrast, the content of free fatty acid increased, and TAG content was small in the cells at pH 3-4 and 8 (Fig. 4) .
As for the effect of pH on the fatty acid compositions in TL, a significant effect was not found at each pH value. The contents of DHA in TL were around 80% of the total fatty acids in the TL at each pH ( Table 1) .
Discussion
According to reports of the uptake of exogenous DHA into Euglena gracilis and yeast cells, DHA taken up in the cells accumulated mainly as TAG (23) (24) (25) . The results in the present study are consistent with the previous reports on Euglena and yeast. However, it was reported that the other yeast accumulated exogenous DHA as free fatty acid (26) . Deposit molecules of exogenous DHA in the cells might depend on the species or strains. In Euglena cells, it was shown that the percentage of DHA in the total fatty acids of PL reached more than 50% (27) . In the present study, the PL of Chlorella cells contained less than 27% of DHA in the total fatty acids. Further investigations are required to more fully understand DHA incorporation into PL molecules. It was shown that the amount of fatty acids incorporated into bacterial phospholipids depends on the permeability of the cell wall and cell membrane, the ability of acyl-CoA synthesis in the cells, and the substrate selectivity and the affinity of the acyltransferase (28) . In the present study, DHA uptake into Chlorella cells was not affected at any pH of the culture. However, the incorporation of DHA into TAG was greatly affected by the pH of the culture. It might be due to the change of the ability of acyl-CoA synthesis in the cells. More studies are required to facilitate a more intensive discussion of the effect of pH on lipid metabolism in Chlorella cells. The results of the current study showed that a pH of 5-7 yielded smaller amounts of free fatty acid and more TAG in the cells. The findings should contribute profitably to production of better fishery feed and dietary supplements by using DHA-enriched Chlorella. 
